The pecan nut is considered one of the most important dried fruits in the world by its classification as healthy food. The nutritional balance in the harvest is crucial for its impact on the production, quality and content of bioactive compounds. This research was carried out in the city of Aldama, Chihuahua (Mexico), where doses of mineral and organic fertilization were tested in L25 Taguchi structure with 6 factors and 5 levels by factor: nitrogen (N) 0 -240 kg·ha . It is concluded that the factor with the greatest impact on yield, quality and antioxidant capacity in pecan nut was nitrogen. It was also found that the combination of mineral and organic fertilization helps to maintain the production and quality ranges of the nut. In turn, these factors contribute to the increase in the phenolic strength and antioxidant capacity. The optimal fertilization dosis to obtain the maximum levels in production of 3.2 t·ha with organic fertilization is considered a good fertilization strategy for pecan trees and its possible benefits to health and the environment.
, potassium (K 2 O) 0 -100 kg·ha −1 , calcium (CaO) 0 -400 kg·ha −1 , liquid humus 0 -3600 L·ha −1 and solid humus 0 -8000 kg·ha −1 . An average yield of 2.2 t·ha −1 was obtained; 145 nuts per kilogram, 60% of the edible part of the nut. The total phenolic content was 225.9 mg gallic acid g −1 and the antioxidant capacity was 180.9 mg Trolox g −1
. It is concluded that the factor with the greatest impact on yield, quality and antioxidant capacity in pecan nut was nitrogen. It was also found that the combination of mineral and organic fertilization helps to maintain the production and quality ranges of the nut. In turn, these factors contribute to the increase in the phenolic strength and antioxidant capacity. The optimal fertilization dosis to obtain the maximum levels in production of 3.2 t·ha with organic fertilization is considered a good fertilization strategy for pecan trees and its possible benefits to health and the environment.
Introduction
The pecan nut [Carya illinoinensis (Wangenh.) K. Koch] is considered one of the most important dried fruits in the world. It is native to the southern United
States of America and northern Mexico and belongs to the Juglandaceae family.
It is a fruit tree that withstands diverse environmental conditions [1] . Commercial plantations are located mainly in New Mexico, Georgia, Louisiana, Texas and northern Mexico. In addition, this fruit has been introduced in other countries [2] [3] . Therefore, the pecan nut is produced in 57 countries in the world.
Mexico ranks No. 2 in the world in pecan nut exports, causing an economic income of more than 666 million dollars. Chihuahua is the largest producing state of this fruit [4] [5] .
Recent studies have classified the pecan nut as a health-promoting food for human health, since the nuts contain high levels of unsaturated lipids and their regular intake can reduce the risk of cardiovascular diseases, improving the lipid profile and reducing the glucose contents in human beings [6] . In turn, the pecan nut has been classified by its high content of phenolic compounds and antioxidant activity among foodstuffs [7] . The phenolic compounds contained in this fruit are ellagic and gallic acid, catechin, epicatechin, hydrolysable and condensed tannins [8] . It has been shown that phenolic compounds have antioxidant activity, which can help lower incidence of chronic diseases such as Alzheimer's, Parkinson's disease, and some types of cancer [9] .
Although several studies have reported a simple relation between the antioxidant capacity and strength of phenolic compounds, this bond can be more complex, since other components of the same plant are involved; such as proteins, carbohydrates and fiber. In addition, other factors such as variety, nut maturity, environmental conditions, cultivation methods and fertilization process and even soil composition have influence on the content of these bioactive compounds [10] .
Therefore, the nutritional balance in pecan trees is a significant challenge by the producer due to the direct impact on the quality and harvest yield [11] [12].
Mineral nutrients have essential and specific functions in plant metabolism as activators of enzymatic reactions, osmoregulators and elements of organic structures [13] . Although mineral fertilization in the soil is the most commonly used strategy to improve quality and productivity of crops, this type of long-term fertilization will not be the most effective method in preserving fertility and soil balance [14] . On the other hand, the use of organic fertilizers can improve physical properties, biological activity, soil fertility and crop nutrition,
although the availability of nutrients is slower [15] [16] [17] . Alternatively, the application of mycorrhizal fungi improves the nutrient uptake [18] .
Both the mineral fertilization and organic methods are characterized by advantages and disadvantages, causing a lively debate for a long time. Indeed, a low chemical input is currently preferred [14] . However, there is not enough information on how this fertilization system affects the production and quality of the walnut growing.
Materials and Methods

Experimental Area and Treatments
The study was conducted during the production cycle of 2016 (March-November 
Yield Components
Production. During the harvest (beginning of November 2016), trees were vibrated mechanically. The nut was collected and the weight in kg was estimated for each tree. Production was extrapolated in tons per hectare when multiplying the production per tree by the number of trees per hectare, corrected by a 0.95 factor due to the heterogeneity in the individual production of the trees.
Number of nuts per kilogram. The number of nuts of a 300 g sample was counted and the value was extrapolated to the weight unit (kg).
Percentage of edible nut. 300 g were selected to determine the content of edible almonds. The shell was separated from the edible part, weighed separately and the edible percentage was determined. The value allowed to determine the fraction of edible product regarding the total.
The three previous variables were obtained in accordance with the Mexican Standard NMX-FF-084-SCFI-2009 [20] .
Nut Samples
Nut samples were selected from the same tree plots in production during the production cycle 2016, with three repetitions. The samples were transported to the Laboratory of the School of Agrotechnological Sciences to be shelled and stored in plastic bags at −4˚C until its use.
Degreasing of Nuts
The nut was ground in a food processor and degreased according to the Villareal-Lozoya et al. [10] The Falcon tubes were capped and stored in refrigeration until analysis.
Total Phenols
The total number of total phenols was determined by a method described by Singlenton and Rossi [21] using gallic acid as standard. An amount of 1.5 ml of 2% Na 2 CO 3 and 0.5 ml of 50% Folin-Ciocalteau reagent, 2.75 ml of deionized , using a gallic acid standard of high-purity reagent grade, the calibration was measured in triplicate, the value of the equation was 0.1645x + 0.009, with an r 2 of 0.9994.
Antioxidant Capacity DPPH
The DPPH (1,1-diphenyl-1,2-picrihidrazil) radical is a stable compound with an intense violet color and whose radiation is absorbed at 517 nm. Therefore, its strength can be determined by spectrophotometric methods Kim et al. [22] . The reaction was made by mixing 2.9 ml of DPPH radical solution with 0.1 ml of plant extract. The mixture was stored at room temperature and protected from light for 30 minutes. Subsequently, the absorbance was measured at 517 nm using a UV/Vis spectrophotometer. The target used was 80% methanol, and a calibration curve was plotted. The linearity was determined between 0 and 800 μM using a Trolox standard of high purity reagent grade, and the calibration was 
Statistical Analysis
Given the Taguchi L25 factor structure for the generation of treatments, the statistical analysis was conducted using a linear and quadratic response surface by adjusting the surface to determine the factor levels for optimal response. This technique is used when each factor has three or more levels. A response surface is estimated by regression using the method of least squares. For this, the statis- way, factors will be weighted to determine which ones have more influence on that variable. Table 3 shows that the factors that had the greatest impact on the production variable were N, P 2 O 5 and liquid humus. The media for the number of nuts per kilogram was 145 nuts. Table 2 shows the ranges for this variable of 135 -174.
Results
Yield Components
The factors that have the greatest impact were N and liquid humus ( Table 3 ).
The percentage of edible nuts had an average of 60%, the ranges in this variable did not show considerable variation. The minimum value was 58%, while the maximum value was 61.8%, to reach the maximum value it would be necessary to increase N, K 2 O, CaO, liquid humus and solid humus ( Table 2 ). The factors that have the greatest impact on this variable are shown in Table 3 , which were N, K 2 O and CaO. .
Total Phenols and Antioxidant Capacity
The factors that showed the greatest impact were N, P 2 O 5 and humus liquid, shown in Table 3 .
The antioxidant capacity showed a range that varied from 148.89 to 187.24 mg The lowest value for the number of nuts per kilogram is sought; Therefore, the percentages of increase are shown in reverse.
humus, and K 2 O with liquid humus (Table 2) . N, P 2 O 5 and solid humus were the factors with the greatest impact on antioxidant capacity. (Figure 1(b) ). It is observed that if this interaction is non-existent, P 2 O 5 would maintain low levels of antioxidant capacity. The liquid humus showed a quadratic response as observed in Figure 1 
Discussion
Previous studies have documented that the mineral and organic fertilization is a good strategy for crop production [14] . For the cultivation of pecan tree, for example, it was reported that it is possible to reduce N doses when organic amendments are applied to improve soil fertility and nut production [23] . On the other hand, Flores et al. [24] confirmed that the production and quality of the nut crop of the following year can be assured due to the application of N and organic fertilizers. Additionally, the authors reported that P 2 O 5 and mycorrhizae have a positive contribution in production, while for the percentage of edible nut, K 2 O, earthworm humus and compost were factors with the greatest impact.
However, these studies have only been tested on the yield components of pecan nuts and not on the phenolic content and antioxidant capacity of edible nuts.
Therefore, in this study, different doses of mineral and organic fertilization were 235 Agricultural Sciences tested in pecan trees crops. It was found that the production and quality improved, confirming that the mineral fertilization supplemented by organic fertilization, is a good fertilization strategy for this crop. It was also found that the total phenolic strength and antioxidant capacity increased. Therefore, this study indicates that mineral and organic fertilization contributes positively to the production, quality and antioxidant capacity of the pecan nut.
This is the first study where parameters such as antioxidant capacity and total phenolic content are measured. Results provide compelling evidence to continue investigating the contribution of different fertilization strategies in pecan walnut for these variables and others related to the benefits of nut uptake in human beings. However, the main limitation is that producers are not yet convinced of the use of organic amendments and the impact on the quality of the nut.
Although our hypothesis was supported statistically, the sample does not clearly indicate if this fertilization strategy impacts on other important bioactive compounds for human health. Therefore, the phenolic profile measurement and the fatty acids profile should be included in following works.
This research found that the average production was 2.24 t·ha
. This value is similar to that reported by Soto et al. [23] where the average production was 2.68 t·ha −1 during three years of evaluation. On the other hand, Vázquez et al. [25] reported that the average production in the Comarca Lagunera region in Mexico between 2001-2013 was 1.73 t·ha −1 . For its part, SAGARPA [5] reports that the national average production in 2017 was 1.7 t·ha −1 , indicating that the average production in our research was higher than the latter reported. On the other hand, Wells and Wood [26] report that N and K 2 O are related to the production. However, the nitrogen (N) is a nutrient closely related to this variable. This is consistent with our results obtained because N is an essential factor in production, while K 2 O showed no influence on this variable.
The N showed an impact on all the evaluated variables. This might be attributed to the fact that N is one of the most important nutrients for the plants, which is related to the production and quality of fruits [27] . Because the N is an essential component in the nucleic acids, in amino acids and proteins of plants, it is directly related to the photosynthetic capacity of the plant [28] . As a result of a greater source of N, the plant can increase the production and quality of harvests. At the same time, our results showed that if the maximum values in production are sought to be achieved, the application of N and liquid humus must be increased. These data are consistent with that reported by Sánchez et al. [27] where the applied doses of N in pecan nut had an effect directly proportional to the increase in the application of N.
Regarding the total phenolic content and antioxidant capacity, N, P 2 O 5 and liquid humus showed an influence on these variables. Nevertheless, there is little information on these variables for mineral and organic fertilization. However, it has been shown that the N and organic fertilization help to increase the phenolic content and antioxidant capacity as reported by Cucci et al. [14] , a study where different doses of mineral and organic fertilization were tested in a legume and DOI: 10.4236/as.2019.102019
proved that the organically fertilized treatments maintained and increased the total phenolic content and antioxidant capacity. These results can be attributed to the fact that the use of organic fertilizers improves the release of N, P 2 O 5 and K 2 O and other elements, in addition to improving the physical conditions of the soil, which has influence on the crop development and the quality of fruits [17] [18] [24] .
It is noteworthy that in this study, the application of mycorrhizal fungi did not show any effect in any of the variables evaluated, which is inconsistent with that reported by Flores et al. [24] who found that the application of mycorrhizal fungi in pecan trees had an impact on the edible percentage and number of nuts per kilogram. On the other hand, Soto et al. [23] reported that the application of mycorrhizal fungi influenced the production and increase of organic matter content in the soil.
On the other hand, the percentage of edible nut, size, color and damage of the fruit are considered for the quality of the nut [27] . According with the Mexican Standard FF-084-SCFI-2009 [20] , the quality of the nut can be classified by its size. Our results showed an average of 145 nuts per kilogram. The quality of this nut is classified as large. It is noteworthy that the greater number of nuts per kilogram indicates that nuts are smaller. Therefore, their quality is lower [27] .
Thus, we can say that our results are better than those reported by Flores et al. [24] and Soto et al. [23] who found 171 and 163 nuts per kilogram, respectively.
Orona et al. [29] indicates that the percentage of edible nut is an important parameter due to the price of nuts at the time of its commercialization. Our results indicated a mean percentage of edible nut of 60%, which can be qualified as Quality I. In addition, these data are above that reported by Soto et al. [23] that indicate a percentage of edible nut of 58.2%. On the other hand, Flores et al. [24] , showed an edible nut percentage of 58.4%. Both results were obtained when mineral and organic fertilization was performed.
The consumer now not only focuses on the good color and taste of products, but also looks for products that provide health benefits. Therefore, parameters such as the total phenolic content in the walnut and the antioxidant capacity were measured. Domínguez-Ávila et al. [6] indicated that nuts such as pecans contain beneficial oils for human consumption and they are also a good polyphenolic source. At the same time, the nut consumption has been linked to a reduction in lipid levels and oxidative stress for human beings. However, these effects have been attributed to those oils contained in the nut, without considering the possible phenolic contribution.
In our results, the mean for total phenolic content was 225 mg GA g −1
. Atanosov et al. [9] reported that the total phenolic content of pecan nuts between two walnut varieties was 20.16 mg GA g −1 and 15.56 mg GA g −1 for walnut (Juglans regia). On the other hand, Flores et al. [7] compared a two-year production which reports 82.41 mg GA g −1 in the low production year and 49.93 mg GA g −1 . It was found that the results were affected by the amount of production that the walnut has; since that overload volume of nuts will alternatively produce lower Alternatively, the antioxidant capacity is correlated with the polyphenolic strength of compounds and some individual polyphenols [8] . The results of antioxidant activity show an average of 180.92 mg Trolox g −1
. These results are consistent with those results indicated by Flores et al. [7] , who reported values of 137.20 mg Trolox g −1 in the low production year and 115.39 mg Trolox g −1 in the high production year. From this parameter, all the factors show a significant contribution and it is confirmed that the application of organic amendments contributes to improve the quality of nuts [7] [24].
Conclusion
It is concluded that the N was a factor with the greatest impact on yield, quality and antioxidant capacity in pecan nuts. It was also found that the combination of mineral and organic fertilization helps to maintain the production and quality ranges of the nut. In turn, these factors contribute to the increase of the phenolic strength and antioxidant capacity. The optimal dose of fertilization to obtain the maximum production, quality, total phenols and antioxidant capacity in pecan fertilization is considered a good fertilization strategy for pecan trees and its possible benefits to health and the environment.
